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系 Pmn21 结构，含有少量的偏硅酸锂和铁的氧化物杂质，在 C/16、C/10、1C 和 2C
下，首次放电比容量分别为 153.2，139.2，126.7 和 87.3mAh/g，经过 30 个充放电
循环后，容量几乎没有衰减。以较廉价的硝酸铁为铁源，合成得到了电化学性能优
异的碳包覆硅酸铁锂纳米复合材料，混合物基本不含杂质，主晶相为单斜系 P21/n
结构，块状颗粒的表面非常粗糙，存在大量的微孔和介孔，在 25oC 和 C/16 条件下
放电容量为 162.4mAh/g，接近该材料一个锂离子脱嵌的理论值 166mAh/g，经 50
次循环后，库仑效率为 95%，锂离子扩散系数为 1.88×10-8cm2/s；在 55oC 和 C/16
条件下首次放电容量高达 213.9mAh/g，相当于 1.29 个锂离子脱嵌的理论值， 大






































A new family of transition metal silicates (Li2MSiO4) has been attracted great 
interests as a potential cathode material for lithium ion batteries because of abundant raw 
materials, good thermal stability and safety, as well as high normal capacity. For 
example, lithium iron silicates (Li2FeSiO4) would result in delivering a nominal capacity 
of 330 mAh g-1 by possibly exchanging two lithium ions. However, the fatal 
disadvantages of this type material include low electronic conductivity and poor lithium 
ion mobility, which greatly limit its high energy density and high rate performance. 
Carbon coating has been widely applied to overcome the drawback of low electronic 
conductivity. In addition, the synthesis of pure phase of carbon coated Li2FeSiO4 
(Li2FeSiO4/C) composites is extremely difficult. Although there have been many reports 
about the preparation methods and raw materials used in preparation, a facile and simple 
approach to prepare pure phase of Li2FeSiO4/C composites has not been available so far. 
It is, therefore, necessary to explore appropriate starting materials and to develop 
feasible methods in order to synthesize high performance Li2FeSiO4/C composites as a 
cathode material for lithium ion batteries. 
In this work, the carbon coated Li2FeSiO4 cathode materials were prepared by 
obtaining precursors using the sol-gel method, and followed by the solid-state reaction. 
Through preparing Li2FeSiO4/C composites by using different lithium sources, iron 
sources and carbon sources, respectively, the effects of structure, composition and 
degree of graphitization on electrochemical performance were systematically 
investigated. The preparation of precursors using ultrasonic assisted sol-gel method was 
preliminarily studied and compared with the sol-gel method. 
It was found that by fixing lithium acetate as a lithium source, tetraethyl orthosilicate 
as a silicon source and sucrose as a carbon source, the Li2FeSiO4/C nano-composites, 
prepared by sol-gel route using relatively expensive ferrous oxalate dihydrate 
(FeC2O4·2H2O) as an iron starting material, exhibited the main crystal structure indexed to 
Pmn21 space group symmetry with minor impurities of lithium metasilicate (Li2SiO3) and 
















C/16, C/10, 1C and 2C, respectively, with almost 100% capacity retention upon 30 
charge-discharge cycles. On the other hand, the Li2FeSiO4/C nano-composites, prepared by 
sol-gel route using low cost ferric nitrate (Fe(NO3)3·9H2O) as an iron starting material, 
showed pure monoclinic P21/n structure and bulk-like particles with many open pores, 
especially a large amount of mesopores on the highly rough surface. At 25oC, the discharge 
capacity was 162.4 mAh/g at C/16, approaching the theoretical capacity of 166 mAh/g 
based on the release of one lithium ion from Li2FeSiO4. The coulombic efficiency was 
95% upon 50 cycles and the diffusion coefficient of lithium ion was 1.88×10-8cm2/s. At 
55oC, the initial and maximum discharge capacities were 213.9 and 239.2 mAh/g at C/16, 
corresponding to 1.29 and 1.44 Li/Li2FeSiO4, respectively. The diffusion coefficient of 
lithium ion improved to 1.42×10-7cm2/s. 
The Li2FeSiO4/C composites, prepared by ultrasonic assisted sol-gel route to form 
precursors, contained Li2SiO3 and metallic iron as the major impurities. Significantly 
different from the above mentioned sol-gel route, the source as a carbon source was 
introduced by sucrose solution. The sucrose was readily hydrolyzed in aqueous solutions 
to produce sugar glucose and laevulose which are highly reductive. The sucrose and its 
hydrolysis products would provide carbon sources through pyrolysis during the heat 
treatment. The reduction of ferric irons required a large amount of carbon, which made 
desiccative precursors kept losing weight at the temperature exceeded 550oC. Therefore, 
the Li2FeSiO4/C composites existed large amounts of metallic iron as impurities. The 
preparation processing parameters need to be further optimized. 
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